In the present work, thin films of FeN (Iron Nitride) and TiN (Titanium Nitride) were deposited in samples of laminated glass by cathodic cage deposition technique using stainless steel and titanium cages, respectively. Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), Wettability and Electrical Conductivity techniques were used to characterize the samples. To obtain the electrical conductivity values, the electrical resistivity (also known as specific electrical resistance) was calculated. In this way, the lower the resistivity, the easier is the passage of an electric charge through the material. To this purpose, it was used the four-point probes method. FeN film presented hydrophobic surface, and TiN film hydrophilic surface.
Investigation of FeN and TiN thin films properties for possible application in electronic devices

INTRODUCTION
In recent years, with advances in electronics technology and the beginning of research on the field of nanotechnologies, plasma deposition using the cathodic cage technique (hollow-cathode effect) is one of the processes of surface coating that provides the improvement of certain mechanical and chemical properties of the surface of various materials, being responsible for innovative technological applications 1 .
Through this technique of plasma deposition, a cathodically polarized screen surrounds the samples, being possible to obtain uniform and continuous layers, even in samples with complex geometries 2, 3 .
In this process, the sample is confined inside the chamber, which is previously evacuated, maintaining a controlled flow of a gaseous mixture of N 2 -H 2 to produce the plasma. The same process is achieved in an abnormal discharge regime by applying an electric voltage of the order of 300 to 1000 VDC, between the sample (cathode) and the anode, which is generally the inner wall of the chamber. The cage is heated during the process by ion bombardment with sufficient temperature to cause the detachment of the atoms present in its crystalline lattice. Concomitantly, a complex series of chemical reactions occurs at the interface that give rise to the different phases of nitrites forming layers of deposits on the surface of the sample 4 .
Recently, FeN thin films have been widely investigated for their variety of structures and magnetic properties 5 . As for TiN, it has high melting point (3160-3250 °C), high hardness (2500-3000 HV), thermal and chemical stability, wear and corrosion resistance, and some metallic properties, such as low coefficient of friction and high thermal and electrical conductivity. Due to the presence of those properties, there is a great applicability of this technology in microelectronics 6, 7 .
The similarity of TiN in color with yellow gold is considered an important quality already explored in the watchmaking industry 8 .
Thin films play an essential role in devices and integrated circuits. They are used in the connections of the active regions of a device in the communication between them, in the external access to the circuits to isolate conductive layers, as structural elements of the devices to protect the surfaces of the external environment, as a dopant source, and as a barrier for doping. The thin films may be conductors, semiconductors or insulation, usually thermally grown or deposited from the vapor phase 9 . Additionally, thin films are used in the microelectronics industry to make films serving as dielectrics, conductors, passivation layers, oxidation barriers, and epitaxial layers 10 .
The study of wetting behavior by measuring the angle that the drop of a fluid forms with the surface on contacting the solid -called contact angle -is one of the important aspects in the interfacial properties of materials. Thus, the wettability of a material represents the ability of a liquid to maintain contact with the solid surface resulting from intermolecular interactions when the two are placed together. When the bonding forces to the surface of the solid are very large relative to the cohesive forces, it is named hydrophilic surface, and when the contact angle is less than 90 degrees, the liquid wets the surface. Therefore, when the contact angle tends to be lower, the wettability of the surface tends to be greater 11 .
In this context, the objective of this work was to deposit plasma films by plasma technique using the cathodic cage deposition technique and varying the parameters that influence film deposition, such as: exposure time, chamber pressure, and chamber atmosphere and temperature, in order to obtain films of good quality in relation to their electrical properties. Films in the samples were characterized using the following techniques: Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), Wettability and Electrical Conductivity.
MATERIALS AND METHODS
Materials
Firstly, simple glass substrates with dimensions of 25 × 25 mm were cleaned with two different solutions: initially with 10% KOH, and then with 10% HNO 3 . After that, it was used acetone in an ultrasonic bath before placing it in the plasma reactor chamber. In the cathodic cage ion deposition, it was used the same conventional nitriding equipment. The vacuum chamber is made of AISI 316 austenitic stainless steel. Two cages of different materials were added: one of stainless steel to obtain FeN, and another of titanium to obtain TiN.
Treatment conditions
The treatment conditions are presented in Table 1 , with: temperature, time, pressure, and gas atmosphere. The sample was placed on an alumina insulation disk, as shown in Fig. 1a . The voltage source used was pulsed. The flow of gases is controlled by means of flow controllers. Plasma is formed in the cathodic cage (Fig. 1b) , which functions as cathode (the wall of the chamber is the anode), and not directly on the surface of the samples, which remain floating potential, positioned on an insulating surface 4 .
METHODOLOGY
Samples were characterized in order to probe the possible changes on the surface due to the action of the plasma. Thus, the characterization of techniques used in this work is described.
Wettability
The wettability measurements were determined through the contact angle of one drop of distilled water with 16 μL in volume using the CAM2008 program (KSV Instruments). The sessile drop method was chosen to this technique. Drop water images were obtained with a CCD camera that captured twenty images. The value of the contact angle is the mean of the twenty measures with the standard deviation.
Electrical Conductivity
To measure the electrical conductivity, it was used the fourpoint probes method (see, for instance Giorotto and Santos 12 ), where four electrodes were arranged linearly and equally spaced. Current was injected through two of the electrodes and then, voltage measurements were taken on the other two. The most common configuration was to use the two external electrodes to inject current and the two internal ones to measure the voltage drop, but in principle, any of the possible combinations can be used.
In the case where the tips with varied spacing are on a semiinfinite surface, it can be proved that the resistivity is given by Eq. 1:
In this work, for the samples with possible deposition of FeN and TiN, the resistivity measurements by the four-point probes method were obtained in two different positions, as shown in Fig. 2 
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Scanning Electron Microscope (SEM) and Energy-Dispersive Spectrometer (EDS)
The Scanning Electron Microscope (SEM) permits the observation and characterization of heterogeneous organic and inorganic materials on a nanometer (nm) to micrometer (μm) scale. The popularity of the SEM stems from its capability of obtaining three-dimensional-like images of the surfaces of a very wide range of materials. In the SEM, the area to be examined or the microvolume to be analyzed is irradiated with a finely focused electron beam, which may be swept in a raster across the surface of the specimen to form images or may be static to obtain an analysis at one position 13, 14 . In this paper, the SEM is from the Quanta 250 FEG model (FEI company brand), in which it has an attached EDS module.
(B)
RESULTS AND DISCUSSIONS
Figures 3 and 4 present images obtained by the SEM of the film surface deposited in a cathodic cage on glass substrate. It is evident the formation of a layer with small grains on the surface of the substrate. It is possible to treat nitrides formed by the interaction of the cage with the ionized nitrogen 15 . It is also possible to observe a uniform coverage formed by particles with random distribution. Such particles are formed due to the agglomeration of nitrides and iron particles 16 . Table 3 shows the EDS result of the sample deposited with titanium cage. There is a considerable amount of titanium and nitrogen elements obtained through the plasma deposition process that shows the possible formation of the compound TiN. It is observed a smaller amount of the forming elements, when it is compared to the deposition result obtained with the steel cage ( Table 2 ), evidencing that the film made of FeN is much thicker than the TiN film 4 . It was observed the presence of the carbon element (not present in the cage), which may appear in the EDS analysis due to some contamination of the system. The values of the contact angle presented values of θ = 78.68° ± 0.29° to FeN and θ = 14.89° ± 0.48° to TiN. Figure 5 shows the great difference in the wettability of the surfaces evidencing that FeN is less hydrophilic than TiN, which showed great wettability. ore uniform and regular structure of the formed film is observed. In contrast, the first not show as thick as the second one 18 .
3. SEM image of the glass sample surface treated with stainless steel cage (50.000 × magnification). In Fig. 4 , there is the glass surface treated with titanium cage and it is observed a structure similar to films of titanium nitride 17 . When compared to the samples treated with steel cage, a more uniform and regular structure of the formed film is observed. In contrast, the first film does not show as thick as the second one 18 .
In the EDS analysis of the glass sample treated with steel cage, it is possible to observe the presence of chemical elements as nitrogen and iron assuming the presence of iron nitride in the film composition. Table 2 shows the chemical elements as weight and atomic results. It can be observed the high concentration of iron in the sample. The other constituents are present due to the composition of the cage and the atmosphere that is rich in nitrogen. In order to compare the conductivity of the deposited film with the pure material, values of electrical conductivity for all the materials used in the treatment are presented in the Table 8 . However, we have to consider that the pure material was not deposited, but a combination with nitrogen, in this way, it was obtained materials with conductivity values close to, but not exactly the values of the pure material. In the samples with TiN deposition at position 1, it was obtained resistivity values up to a current of 40 mA, but in the lowest values, the measured voltage would already exceed the equipment's comprehension value (the reading limit of the equipment), which was 10 mV. Already in position 2, in the same sample, we only could obtain voltage values up to a current of 30 mA within the established current range that it was 10 mA.
According to the electrical conductivity values of both iron and pure titanium, it was possible to obtain a comparison between the pure material and its combination with the nitrogen using the cage deposition technique.
In the wettability analysis, TiN presented characteristics of a hydrophilic surface. When a drop liquid falls on the surface it tends to spread, although in the analysis of electrical conductivity, it did not have as good results as the FeN. The results obtained prove that the conductivity increases proportionally as the current increases; this is because the percolation of the current in the film depends on the nature of the internal grains of the TiN film.
CONCLUSIONS
We observed that FeN and TiN films showed distinct characteristics regarding the surface. The FeN film presented a characteristic of hydrophobic surface, not allowing the liquid to spread. On the other hand, the TiN film presented characteristics of a hydrophilic surface, which allows the liquid to be scattered. Both films were promising in electrical conductivity analysis. The obtained results show that the conductivity increases proportionally as the current increases, as also seen in Vasu et al. 19 . This is due to the fact that the percolation of the current in the film depends on the nature of the internal grains of the TiN film. The results found in this work show promise for future applications in the electronic devices.
